A Methodology for the Inventory of Road Culverts Pathologies Applied to the Province of Jaen (Andalusia, Spain)  by Delgado-Ramos, Fernando et al.
 Procedia - Social and Behavioral Sciences  160 ( 2014 )  597 – 606 
Available online at www.sciencedirect.com
ScienceDirect
1877-0428 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of CIT 2014.
doi: 10.1016/j.sbspro.2014.12.173 
XI Congreso de Ingenieria del Transporte (CIT 2014) 
A Methodology for the Inventory of Road Culverts Pathologies 
applied to the province of Jaen (Andalusia, Spain) 
Fernando Delgado-Ramosa*, Maria Soledad Sanchez-Ladron-de-Guevaraa, Ana Diez-
Contrerasb, Marcos Perez-Diaza 
aHigher Technical School of Civil Engineering. University of Granada, Severo Ochoa Street, Granada 18071, Spain 
bAgency of Public Works of the Andalusian Regional Government, Diego Martinez Barrio Avenue, Seville 41013, Spain 
Abstract 
Culverts are essential elements of any road infrastructure. A culvert failure or malfunction may affect not only the culvert itself, 
but also it could cause serious problems on the road and its surroundings, such as floods, roadway damage, traffic interruption, 
and even fatal accidents. Although there are extensive bibliography and regulations related to proper design and construction of 
culverts, very valuable and less accessible information can be obtained from bad experiences. For example, sometimes culverts 
have a malfunction because of extreme rainfalls, but other times the failure is caused by changes in land use outside the road area 
with an excessive production of debris. It is therefore very important to gather all the information related to failures in culverts 
and to process it efficiently, both to reconsider the design criteria, and to prioritize actions for maintenance or improvement. 
In this paper a methodology for the collection and processing of information related to culverts pathologies is proposed by the 
establishment of appropriate categories, the development of a database easy to operate; and the implementation of all this 
information in a Geographic Information System (GIS) for decision making support. As an example, this methodology has been 
applied to the Andalusian regional road network in the province of Jaen, (Spain). 
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1. Introduction 
Culverts are essential elements of any road infrastructure. In Spain, the roads culverts have been designed using the 
technical regulation “5.2-IC for Surface Drainage”, (Ministerio de Obras Públicas y Urbanismo, 1990), nowadays 
under revision, but there is not enough information or methodologies for culvert management such as in the USA 
with the “Culvert Repair Practices Manual“ (Federal Highway Administration, 1995), or the “Culvert Management 
Manual“ (Ohio Department of Transportation, 2012). 
    Experience shows that it is very important to get information from the management activities, failures and 
reparations, (Beaver & Mcgrath, 2005), (Najafi & Bhattachar, 2010). Some failures or deficiencies can produce high 
economic impacts (Perrin & Jhaveri, 2004), but also an arbitrary oversizing of every culvert can produce even worse 
economical effects. 
In this paper a methodology for the inventory of road culverts pathologies is proposed based on several stages: (i) 
data collection, (ii) data base implementation with several categories, (iii) Geographical Information System 
implementation and (iv) analysis of results for decision making support. 
As an example, this methodology has been applied to de regional road network in the province of Jaen, (Andalusia, 
Spain). 
2. Data Collection 
2.1. Structure 
Data collection stage was designed in a sequential way (Najafi & Bhattachar, 2010) with three sources: (i) 
interviews, (ii) data registration in tables, and (iii) compilation and analysis of reports of emergencies. 
    First of all, the chief engineers of roads maintenance in the eight provinces of Andalusia and the Central Services 
were interviewed. In this first stage of data collection the most common problems in the road networks related to 
culverts and surface drainage were described. From this information it was possible to develop a preliminary 
classification of pathologies and diagnosis to facilitate the completion of a typified form to be sent in the next phase 
of data collection. After various meetings, a typified form was sent to the Heads of Road Maintenance Departments 
in order to let them indicate more precisely the different culvert pathologies, in a standardized way. Once received 
all the information and after a thorough processing, some changes were made in several categories to fix errors or 
deficiencies detected. Finally different reports provided by the Agency of Public Works of the Andalusian Regional 
Government were collected. 
Table 1. Analysed culvert pathologies and distribution by province 
Province 
Number of Culverts 
with analysed 
pathologies  
Number of associated 
Roads  
Km. of Roads with analysed 
pathologies 
% Km. affected compared to 
the total  
Almeria 37 11 452,11 55,25 % 
Cadiz 57 25 746,48 72,06 % 
Cordoba 52 21 647,84 39,55 % 
Granada 45 20 909,81 57,88 % 
Huelva 23 11 280,69 36,42 % 
Jaen 40 27 894,44 62,52 % 
Malaga 125 19 809,49 63,53 % 
Seville 74 28 1391,71 74,21% 
TOTAL 453 163 6132,57 58,88 % 
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2.2. Data quantity and geographical distribution 
Information from 564 culverts with problems or pathologies has been collected. It is important to point out that this 
is a selection of the main problems made by each Road Maintenance Department, not the total of existing failures or 
problems in drainage infrastructures. In the following Table the distribution of the number of failures analysed 
within the whole region of Andalusia is presented.  
Figure 1 shows that the data are very well distributed in the region. 
 
 
 
2.3. Introduction 
With all the collected information, a simple spread sheet was firstly developed, and afterwards, a more powerful 
relational database, using SQL language (Structured Query Language) and MySQL open source software. For the 
definition of the basic entities, the manuals of the Federal Highway Administration, (1995) and the Ohio Department 
of Transportation, (2012) have been used. The database has multiple basic entities, for better understanding, in this 
paper they are grouped in three main groups: (i) concerning the identification of the road where the culvert is 
located, (ii) those relating to the identification of the analysed culvert, and (iii) those relating to the identification of 
the pathology of the analysed culvert and its possible diagnosis. All kinds of geographical information that could be 
interesting can also be added to the database. 
2.4. Road identification 
For each culvert where there has been a prominent pathology, the information available on the road where it is 
located has been entered: (i) type of network to which it belongs, (ii) identification and registration of the road, (iii) 
length, (iv) average daily traffic, (v) kilometre where the culvert is located, and (vi) UTM coordinates. 
Fig. 1: Geographical distribution of data 
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2.5. Culvert identification 
Cross Drainage Works are classified according to two criteria: (i) the building material, according to the Midwest 
Regional University Transportation Center, (2008); and (ii) depending on their shape, according to the Ministerio de 
Obras Publicas y Urbanismo, (1986, 1990), as can be seen in the following table. It has also been included in the 
database information about key dimensions of the culvert and UTM coordinates. 
     Table 2. Culverts classification (material and shape) 
MATERIAL SHAPE 
0 – Not specified 0 - Not specified 
1 - Mass Concrete 1 – Pipe 
2 - Reinforced Concrete 2 – Culvert span < 1 m 
3 – Masonry 3 – Culvert span 1-3 m 
4 – Brick 4 – Culvert span 3-10 m 
5-  Corrugated steel 5 – Box Culvert 
6 - Other metallic pipes 6 – Bridge 
7 – Plastic 7 – Arch culvert 
8 – Downpipe 
9 – Ditch 
2.6. Culvert Failures identification 
The location and classification of pathologies has been carried out taking into account the work of Perrin & Jhaveri 
(2004), Wissink et al. (2005), Beaver & McGrath (2005), Salem et al. (2012) and own elaboration. 
• Culvert Pathologies location 
Eighteen possible locations of pathologies have been considered, but is easy to add additional ones if it is necessary: 
four of them correspond to location on the river course or stream, another four to location on the culvert itself, five 
refer to the case of structures or bridges and, finally, five are related to pathologies located in the road. 
     Table 3. Pathology location 
1 - River course, not specified 
 2- River course: upstream 
3 - River course: under bridge 
4 - River course: downstream 
5 - Culvert, not specified 
6 - Culvert: Entrance 
7 - Culvert: Inside 
8 - Culvert: Exit 
9 - Bridge, not specified 
10 - Bridge: Abutments 
11 - Bridge: Flaps 
12 - Bridge: Piles 
13 - Bridge: Beams/Deck 
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14 - Road, not specified 
15 - Road: Embankment 
16 - Road: Clearing 
17 - Road: Shoulders and ditches 
18 - Road: Platform 
 
• Types of Culvert pathologies 
    Eighteen different types of pathologies have been inventoried, again it is easy to add additional ones if it is 
necessary: 
     Table 4. Types of Culvert pathologies 
0 Not specified 
1 Corrosion 
2 Abrasion 
3 Erosion 
4 Accumulation of sediments 
5 Accumulation of debris 
6 Rising water level over expected 
7 Leakage 
8 Structural damage, not specified 
9 Structural damage: Cracks 
10 Structural damage: Deformation 
11 Structural damage: Miss aligned 
12 Structural damage: Breakage 
13 Structural damage: Foundation failure 
14 Road: Cracks 
15 Road: Rippling 
16 Road: Sinking 
17 Road: Water infiltration 
18 Road: Platform 
• Possible Diagnosis 
It is very difficult to indicate the diagnosis of each analyzed pathology without performing detailed studies (Lian & 
Yen, 2003). However, thanks to the experience gained in the different Conservation Areas, the chief engineers have 
been able to provide the estimated diagnosis that have been classified into 29 categories, which in turn are grouped 
into 6 types: (i) due to the design of the Culvert, (ii) due to constraints of the receiving stream, (iii) due to mistakes 
during construction, (iv) due to failure of other elements of the road, (v) due to the design of structures and bridges; 
and (vi) other unspecified: 
Table 5. Diagnosis Types 
1 - Culvert design: Liquid flow rate exceeding culvert capacity. 
2 - Culvert design: Solid flow rate exceeding culvert capacity 
3 - Culvert design: Liquid/Solid flow exceeding culvert capacity 
4 - Culvert design: Oversized section in drainage Wells and Flaps. 
5 - Culvert design: Lack of energy dissipaters / guards at exit 
6 - Culvert design: Structural damage: corrugated steel. 
7- Culvert design – Well and flap foundations insufficient. 
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8 - Culvert design – Poor freeboard with road platform. 
9 - Culvert design: Exit height insufficient over river course. 
10 - Culvert design: Entrance height high over river basin. 
11 - Receiver stream factors – lack of river Bank protections. 
12 –Culvert construction – Structural damage. 
13 –Culvert construction/ Culvert construction – Geometric errors. 
14 –Culvert construction – Low points without evacuation. 
15 - Culvert Maintenance – Maintenance errors. 
16 - Failure of other road elements – Differential settlements in the infrastructure. 
17 - Failure of other road elements – Silting of ditches. 
18 - Failure of other road elements – Malfunction of drainage under ditches. 
19 - Failure of other road elements – Invasion of material by slopes instability. 
20 - Failure of other road elements – Need of sandboxes. 
21 - Failure of other road elements – Rising groundwater level. 
22 - Bridges design - Liquid flow exceeding bridge capacity. 
23 - Bridges design - Solid flow exceeding bridge capacity 
24 - Bridges design – Liquid/Solid flow exceeding bridge capacity. 
25 - Bridges design – Instability of longitudinal profile and cross section of river course.  
26 - Bridges design – Serious erosions in banks by big floods. 
27 - Bridges design – Lack of defence or protection of abutment foundation.  
28 – Others. 
3. Geographic Information System Implementation 
To integrate, analyse and represent in an efficient way all this information, a Geographic Information System (GIS) 
has been implemented in order to give valuable support for decision-making (Xiugang et al. 1999). The base map 
used for the graphical representation of the information was obtained through the Institute of Statistics and 
Cartography of Andalusia. To assign to each culvert the value of territorial variables listed above it has been 
necessary to develop different maps that reflect these variables in raster format: slopes, erosion, land use, average 
annual rainfall, torrentially, lithology, orientation, soil texture, etc. 
Table 6. Frequencies for the province of Jaen 
Attribute 
Absolute frequencies 
Relative frequencies Regional Road 
network 
Data 
Analysed Data 
Number of Roads 20 17 85,00% 
Long distance Road Network  1 1 100% 
Basic Articulating Road Network  3 3 100% 
Inter-regional Road Network 14 14 100% 
Complementary Road Network 2 1 50% 
Km of Roads 769,12 380,56 49,48% 
Number of Culverts 1.515 44 2,91% 
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4. Results for the province of Jaen 
Various tables that collect general information on the scope of the province of Jaen and the attributes of an 
exemplary culvert are presented. Table 6 shows the number of culvert analysed according to the type of road where 
they are located. In Table 7, an example of the attributes related to the road for an analysed culvert is shown. In 
addition, Table 8 shows the information related to its location, Table 9 the attributes of this culvert and Table 10 an 
example of detected pathologies with its possible diagnosis. 
     Table 7. Examples of Road attributes 
Type of Network Roadway name Road length Average Daily Traffic (ADT) 
Inter-regional A-303 9,52 2000-5000 
     Table 8. Examples of Culvert location 
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     Table 9. Examples of Culvert attributes 
Roadway 
name KP Element type Material type Dimensions Receiver stream 
River course 
disposition 
A-303 0,80 Pipe Corrugated steel 3000 mm 
Arroyo de los 
Ríos Perpendicular 
     Table 10. Examples of Pathologies and Diagnosis 
Roadway name KP Pathology location Pathology type  Diagnosis 
A-303 0,80 Culvert: Inside Structural damage: Deformation 
 Culvert construction – Structural 
damage 
 
Finally, examples of results obtained from the Geographic Information System are presented in the tables and 
figures below. For graphical representation, many base maps can be used; as an example, in this paper is presented a 
map that features three layers, topography, drainage network and road network, over which, different information is 
plotted against the pathologies of the culverts. 
Table 11 shows that in the case of the province of Jaen, most pathologies are located on the culvert itself, especially 
inside the culvert, with a frequency of 66.67 %. The remaining locations are distributed among the entrance or exit 
of the culverts, the road conditions and platform, and to a lower extent, to the river course downstream. It is 
important to emphasize that in Jaen there are no references to problems with bridges or embankments. Regarding the 
type of pathology, it has been found that the most common is the accumulation of sediments with 38.5%, followed 
by the elevation of the water level above predictions with 25.6 %. The rest is distributed among structural damage 
with breakage or loss of shape, and affection to the platform with the introduction of water or waterfall between 
margins and erosion.  
     Table 11. Culvert pathologies location and types in the province of Jaen 
Location % Pathology Types % 
River course channel: 
downstream 2,60 Erosion 7,70 
Culvert: entrance 7,70 Accumulation of sediments 38,50 
Culvert: inside 66,70 Rising water level over expected 25,60 
Culvert: exit 7,70 Structural damage: Deformation 2,60 
Road: shoulders and ditches 5,10 Structural damage: cracks 10,30 
Road: Platform 10,30 Road: Water infiltration 5,10 
    Road: Water leap between road margins 10,30 
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Fig. 2: Culvert pathologies location in the province of Jaen: 1.- River course channel: downstream (2,6%); 2.- Culvert: 
entrance (7,7%); 3.- Culvert: inside (66,7%); 4.-Culvert: Exit (7,7%); 5.- Road: shoulders and ditches (5,1%); 6.- Road: 
Platform (10,3%) 
Fig. 3: Pathology Types in the province of Jaen: 1.- Erosion (7,7%); 2.- Accumulation of sediment (38,5%); 3.- Rising 
water level over expected (25,6%); 4.- Structural damage: Deformation (2,6%); 5.- Structural damage: Cracks (10,3%); 6.- 
Road: water infiltration (5,1%); 7.- Road: Water leap between road margins (10,3%) 
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Figure 2 and Figure 3 shows the geographic distribution of the information shown in Table 11. In Figure 4, it is 
noteworthy that the diagnosis are divided among many causes, the most common being the sum of the conditions in 
the downstream river course and overcoming liquid or solid above the flow capacity of the culvert. It is also 
interesting to point out that very few culvert pathologies are located in the mountainous areas. 
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